ABSTRACT: Traumatic cardiac ventricular ruptures in children are rare. Only a single case of left ventricular rupture due to child abuse has been reported. We report a child who sustained a fatal left ventricular apical rupture. It appeared to have resulted from hydrostatic forces resulting from abusive blunt thoracic injury. That he was being abused was previously missed when he was presented to the emergency department with facial pyoderma. It was not noted that he also had lip and oral mucosal injury, sites not affected by staph toxins. As a result, his underlying, abusive and secondarily infected, facial flow type scald burn was not appreciated. Within a week thereafter his fatal injury occurred, accompanied by extensive and obvious associated abusive injuries. Postmortem high-detail whole body computed tomography scanning aided the autopsy. Although rare, ventricular rupture from abusive blunt thoracic injury can occur.
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There have been few reports of cardiac injuries due to child abuse (1) . Previously reported abusive cardiac injuries include commotio cordis (2) , tears of the great vessels or atria (3), traumatic septal defects (4), atrial intimal tears (5) , intra-cardiac thrombi (6) , elevated cardiac enzymes (7), penetrating trauma (8) , contusions and aneurysms (9) , subsequent perforations through previously damaged myocardium(4) and hemopericardium (10) . Cohle reported the one case of left ventricular perforation and 5 atrial injuries due to abusive blunt impact (10) . A systematic review of pediatric cardiac injuries in the United States, which included articles reporting 2 or more children, found that 3 (0.4%) of the blunt cardiac injuries resulted from child abuse (11) . However, none of those children or the citations we note above were included in that review suggesting that abuse is responsible for a higher percentage of cardiac injuries. We report an additional child with a fatal left ventricular tear/perforation due child abuse involving blunt thoracic impact.
Case Report
A 2 1/2-year-old boy presented to the emergency room with an impetiginized perioral rash (Fig. 1a) . His mother indicated it had rapidly arisen from a small denuded left cheek spot, which she had been treating with vigorous wiping and antibiotic ointments. A left tongue margin bite injury also was noted, attributed to a fall a few days before. No other injuries were found. Dermatology expressed concern that that his findings were atypical for bullous impetigo alone as the child's also had lip and mucosal involvement. Child Abuse Pediatricians (CAPs) also consulted. Focusing on the impetigization and na€ ıve to the dermatology opinion, they did not feel that the findings were sufficient for Children's Protective Services referral. The child was admitted for initial care, receiving clindamycin because of a family history of prior methicillin resistant staph. As the wound grew methicillin sensitive staph, he was discharged on cephalexin. Dermatology follow-up occurred 5 days after discharge. The infection had cleared, but with healing, it became apparent that there had been superinfection of a superficial partial thickness perioral burn (Fig. 1b) . When the dermatologist contacted the CAPs the next day, Children's Protective Services referral was made because of concern for an underlying inflicted scald burn. Children's Protective Services was unable to locate the family. Three days after the referral, the child was normal when his mother went to work in the morning. Just after noon, his mother's boyfriend called emergency medical services indicating the boy had apparently fallen and was unconscious and not breathing. Prior to the 911 call, the child had been left in the shower after being cleaned following a large bowel movement. The boyfriend administered two-handed sternal compression resuscitation. Aid arrived within 8 min to find him apneic, asystolic, and cold. Their resuscitation failed. They noted numerous bruises over the entire body.
A full autopsy plus ancillary studies were performed, including external and internal examination of the body with layered neck dissection, subcutaneous back dissection, anoscopic examination, fixation of the brain and eyes with neuropathology examination, microscopic examination of organs and decalcified bones, toxicologic analysis of the blood, full-body x-rays, Dexis imaging of selected ribs, and full-body high-resolution postmortem computed tomography (CT) scan.
External examination revealed all surfaces of the body, including scalp, chest, limbs, penis, scrotum, and perineum, but relatively sparing the abdomen, were bruised. The pale, healed scald had a "drip down" flow pattern from the corners of the mouth (Fig. 1c) . It suggested forced feeding of a hot, somewhat viscous liquid while the face was held tipped upwards. The upper lip and frenulum were contused and the frenulum torn. The right pinna had a shallow laceration paralleling its inner, upper rim. Radially oriented superficial perirectal skin fissures and underlying bruising were noted. The under surface of the penis and anterior surface of both sides of the scrotum were contused.
Postmortem, whole body CT showed a large pericardial effusion (Fig. 2a) . On the imaging, with later pathologic confirmation, was an acute right 9th rib neck fracture through a prior fracture that had early callus. A similarly located acute right 10th rib fracture and acute fractures of the lateral 8th and anterior 9th left ribs were found. There was a fracture of the upper margin of the second sternal segment (Fig. 2b) . Well healed, transverse distal diaphyseal left radius and ulna and right distal radius fractures were present. The left pubic ramus had a healed transverse fracture laterally.
Internal examination revealed multiple sub-galeal and subperiosteal skull contusions, but no skull fracture. A small acute left convexity subdural hemorrhage was found. The brain was very edematous and had herniated. There was thoracic spinal epidural hemorrhage. A 150 cc mixed clotted and liquid hemorrhage distended the pericardium (Fig. 3a) . Subjacent to the sternal fracture (Fig. 2b) , the thymus, the pericardial base above the heart and the proximal aorta were contused (Fig. 3b,c) . The vessels entering the heart and the atria were uninjured, but a 1 cm full-thickness laceration through the tip of the left ventricle was present (Fig. 3b,c ). There were grossly apparent acute fractures of right posterior 3rd, 4th, and 10th ribs, right lateral 9th rib, and left lateral 8th and 9th ribs, and a callused fracture of the right posterior 9th rib. None of the thoracic fractures disrupted the pleura. A right diaphragmatic contusion was present. A subcapsular hemorrhage and laceration of the diaphragmatic surface of the right hepatic lobe was found. A lower liver margin tear just left of a hemorrhagic falciform ligament was also noted. The pancreas was contused from head to tail, with adjacent mesenteric root hemorrhage. There were contusions of the ascending colon, laceration and hemorrhage of the right adrenal gland, and an accompanying right retroperitoneal hemorrhage.
On microscopic examination, the left ventricular apex and hepatic lacerations had early necrosis and inflammatory reaction, indicating that they preceded the arrest. Microscopy showed endocardial acute inflammation and fibrin clot in the laceration (Fig. 4a,b) . All of the fractures except the right 9th rib fracture appeared acute to gross inspection. However, on microscopy both acute and early healing fractures were demonstrated. Additionally, healing chip fractures of the left 5th and 7th ribs at their necks and a healing fracture of the anterior right 9th rib were found on microscopic examination. The sternal fracture had early healing.
Discussion
The authors of the prior paper describing fatal abusive cardiac tears/perforations in children felt that blunt impacts could lead to hydrostatic cardiac injury and perforation (10) . Five of their six cases involved atrial injuries with or without associated vena cava trauma. Four of them were associated with evidence of blunt abdominal trauma. They suggested an ascending inferior vena caval pressure wave caused these. In addition, four of their subjects had acute rib fractures and four assailants confessed punching, kicking, or stomping the child. The one child with a left ventricular injury lacked a confession, but had rib fractures and upper abdominal injuries. In addition, there were fibrotic sections of that child's intraventricular septum suggesting prior injury. They postulated that potential causes of cardiac rupture could include direct blows, cardiac compression between the sternum and spine, sudden abdominal or lower limb compression, accelerations differentially affecting regions with different anchoring of the heart and great vessels, penetrating injuries from fractures of the sternum or rib cage, blast injuries and prior contusions leading to subsequent necrotic perforations. The confessions they received supported the role of blunt impacts. One would expect the greatest hydrostatic intra-ventricular force to result when the affected cardiac chamber is full. Even though the atria are thinner and one would assume more at risk of burst injuries from internal hydrostatic pressure, they would be empty at end diastole when the ventricles are most full. Since the aortic valve normally should provide minimal resistance to left ventricular outflow, we would have expected it to act as a "pop off' valve if our subject had received a ventricular blow at end diastole. However, the thymic and cardiac base contusions raise the possibility that a simultaneous impact there compressed the left ventricular outflow tract, removing that normal safety valve. It remains unclear whether the overlying sternal injury was concurrent or the result of previous trauma. Alternatively, the apex of this child's heart could have been crushed between the sternum and spine. The lack of a significant contusion around the ventricular laceration would argue against this. If cardiac perforations are due to hydrostatic forces from blunt abdominal impacts, the vena cava, right atrium, or ventricle should be the affected site(s), as described by Cohle (10) .
Others have reported mostly adult cardiac lacerations accompanying major thoracic trauma such as motor vehicle trauma (12) (13) (14) (15) , horse kicks (15), high height falls (15,16), or severe crushes or accidental impacts (15, 17) . However, some have occurred with very localized bicycle handlebar (18) or barbell end (19) impacts. Two subjects had cardiac perforations due to 2.5 m (16) and one story falls (20) .Three of the 6 children with traumatic atrial intimal tears Cumberland reported resulted from blunt assaults (5) . Atrial or great vessel tears also result from high inertia events due to discongugate motion of anchored and movable tissues (3) .
Although unlikely, some of the thoracic and epigastric injuries in this child potentially could have resulted from attempted sternal compression resuscitation (21). However, the presence of the early surrounding necrosis and inflammatory reaction of his left ventricular and lower liver edge lacerations argues that these injuries occurred while the circulation was still intact, not postarrest. Cardiac ruptures due to cardiopulmonary resuscitation have only rarely been reported, but are thought to arise from hydrostatic forces (22) . As such, the right heart is more often affected.
Postmortem 3-D CT examinations are being utilized inconsistently as an aid to regular internal autopsy examinations (23) (24) (25) . This particular CT study was conducted as part of a larger prospective study to evaluate whether and how the 3-D CT adds to a standard autopsy in cases of possible child abuse or Sudden Unexplained Infant Death (SUDI). With this and the other cases, CT has been an aid to excluding other radiologically visible injuries. It has helped direct the autopsy to sites of potential injury, such as leading to the excision, gross, and microscopic examination of the sternal and pubic ramus fractures in this case. Should this case go to court, it will provide a more acceptable, but still vivid image to a judge or jury of the pericardium hemorrhage than would the open chest at autopsy. It is less likely to be excluded from evidence due to defense objection, as inflammatory. Likewise, it can provide 3-D skeletal images that can be rotated for the optimal view to demonstrate rib injuries in a more visually understandable view for a lay audience than is possible with either plain films or autopsy photos.
Superinfected burns may resemble primary staphylococcal impetigo, but certain clinical clues can help distinguish between the two entities. Staphylococcus aureus induces local or widespread epidermal damage via expression of exfoliative toxin, a serine protease that cleaves the intercellular adhesion protein, desmoglein 1, in the superficial portion of the epidermis (26).
Affected skin subsequently appears eroded and blistered, sometimes with an associated "honey crust." The depth to which the skin is affected is superficial within the epidermis without extension to the dermis (26) . Owing to the relative absence of desmoglein 1 on mucosal surfaces, the lips, and oral mucosa are spared in primary staphylococcal skin infections (26) . In contrast, burns are non-discriminatory in their effects on cutaneous and mucosal surfaces, with each hypothetically being involved to a similar degree. The depth of a burn injury relates to the degree of heat and the length of time that skin is in contact with the offending agent. Owing to children's relatively thin skin, deeper burns are more likely to occur at lower temperatures and/ or in less time than in adults. In our case, the pattern of healing suggests the child's original skin injury was a superficial partial thickness burn, deeper than would occur with a staph infection alone. A geometric appearance of the wound is also suggestive of an exogenous source of skin injury, including intentional scald injuries. In our patient, exposure of the dermis, involvement of the oral mucosa and lips and a discrete curvilinear upper margin of the injury with lateral drip patterns is inconsistent with primary impetigo. Rather, it suggested that the current child's findings were secondary to an inflicted scald injury with superimposed skin infection reflected as honey crusting.
Conclusion
Cardiac ventricular lacerations should be considered among the consequences of abusive blunt thoraco-abdominal trauma in young children.
